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NMPUMEHEHUS

Ot naptHepoB nporpammsbl Natural Gas STAR

REDUCING METHANE EMISSIONS FROM COMPRESSOR
ROD PACKING SYSTEMS

COKPALLEHUE SMUCCUUN METAHA YEPE3 CUCTEMDbI
YNNOTHEHUA LUTOKA KOMIPECCOPA

B razoson otpacnu CLIA ncnonbayetcs 6onee 29 000 nopLUHEBBLIX KOMMPECCOPOB, B KaXAOM U3 KOTOPbIX B CPEOHEM
HaxoAuTCA YeTblpe LUMnuMHApa, YTo o3HavaeT ucnorb3osaHue okorio 160 000 cuctem ynroTHEHUS MOPLLHEBBIX LUTOKOB.
Yepes aTn cucteMbl exxerogHo B atMocdepy BbibpackiBaetcs 43,8 mnpa. dyT.? (1 226 mnpa. M*) meTaHa, Y4To No3BonseT
paccmaTpuBaTth MX Kak OOUH U3 OCHOBHbBIX MCTOYHUKOB AMUCCUM Ha KOMMPECCOPHbIX YCTaHOBKaxX npu gobbive
NpUPOOHOro rasa.

Bce cuctembl yNnoTHEHUS] B HOPMaribHBIX YCIOBUSAX AT yTeYKY, 00beM KOTOPOWM 3aBUCUT OT OaBMEHUS B UUNMHAPE,
MOOTOHKN N PEryrnMpoBKX YNITOTHUTENbHBIX 3NIEMEHTOB M CTEMEHM U3HOCA KOfeL, 1 WToka. HoBasi cuctema ynnoTHeHus,
npaBuibHO HAaCTPOEHHAas 1 NOJOrHaHHas, MOXeT nponyckatb npumepHo 11-12 dyt.’/u (0,3-0,3 m*/4). OgHako no mepe

CTapeHus1 CUCTEMbI YPOBEHb YTEYKM MOBbLILLAETCS 13-3a2 M3HOCA YMITOTHUTENbLHbIX KOMEL, U NOpLUHEBOrO WwToka. OguH 13
naptHepoB nporpammbl Natural Gas STAR coobLun o pernctpaumm ypoBHs amuccum B oobeme 900 cpyT.>/M (25,2 m3/4)
Ha OOHOM KOMMPECCOPHOM LUTOKE.

C y4yeToM (hrHaHCOBbLIX 3agay NpeanpuaTuiA U AaHHbIX MOHUTOPMHIA NapTHEPbI NPorpamMMbl MOTyT OnpeaensTe YPOBHM
3MMUCCUN, NPU KOTOPbIX 3aMeHa Komnew, U LUTOKOB CTAHOBUTCSI 93KOHOMUYECKN BbIrOAHON. Bbirogbl OT OLEHKM 1
nocneayLero NPUMEHEHNss MeToAa, onpeaensitoLero "nopor peHTabensHOCT 3aMeHbl”, BKITHOYAKT COKpaLLleHne
3MUCCUMN MeTaHa 1 yMeHbLUeHue 3aTpart. [pu Takom noaxoge naptHep nporpammbl Natural Gas STAR akoHomuTt Gonee
$100 000 B rog. MeTop onpeneneHuns "nopora peHTabenbHOCTY 3aMeHbI" NMO3BOISET MONYYUTb U NPOM3BOACTBEHHbIE
BbIrOAbl: MPOASIEBAETCSA CPOK IKCMyaTaumm cyLLecTBytoLlero obopynoBaHus, yeenmunsaeTcs adhpekTMBHOCTb
NPOW3BOACTBA, COKpALLATCs pacxonbl B AONTOCPOYHON NMepCrneKkTmBe.

MecTo yteukn | NfopoBon o6bem | Metoa cokpalieHuss | DKOHOMUA CtoumocTb Cpok

yTEe4KM rasa, Thic. YyTEeUKM rasa rasa, $/rog BHeOpeHwus, OKynaemocTu
dyT.? (TbIC. M) $/ropn
YnnoTHeHve LWToka 865/24,2" OKOHOMUYECKMN 2,595? 400° 2 mecsua
Komnpeccopa obocHoBaHHasA 3aMeHa

Korneu u LWTOKOB

" Pipeline Research Committee International (1999).
2 | lena rasa $3,00/tbic. doyT.? ($106/ Thic. M°)
2 $1 200 - gononHUTENbHBLIE 3aTpaThl NMPKU 3aMeHe Korlel, pas B Tpy roda BMEeCTO OAHOro pasa B YeTbipe roga (B cpegHeM Mo oTpacnu).

HacTtoswmn JOKYMEHT - OAMH M3 OTYETOB cepun "OnbIT NpuMeHeHus", pa3paboTtaHHon EPA B coTpyaHuyecTBe ¢

ra3oBoOK OTpacsibio B pamkax npoektoB nporpammbl Natural Gas STAR.



PaboTa razoBbix NOPLUHEBLIX KOMMPECCOPOB COMPOBOXAAETCSA yTEYKaMU
mMeTaHa. Yalle Bcero 3To MpoucxoamT Yepes doraHubl, KnanaHbl U apyrue
coeaVHUTENbHbIE YacTu KoMmpeccopoB. OOHaKo Ha CUCTEMbI LUTOKOBbIX
YNIOTHEHWA NPUXOANTCS Hanbonblumnii 06beM NoTepb rasa.

CucteMbl canbHMKOB Heobxoaumbl ANs npenorepalleHna yTedek rasa
BbICOKOIo aaBreHuna n3 pa60qero umnmuHapa no WToKy, npu 3TomM
obecneynBaeTcs cBOOOAHBIN X04 camoro wToka. Ha puc. 1 nokasaHa
CTaHOapTHad cuctemMma yI'IJ'IOTHeHI/II7I KOMMNPECCOPHOro LUTOKA.

Puc. 1: CtaHgapTHas cuctemMa ynnoTHeHUM KOMNpeccopHOro
LITOKA

(Bua cboky B paspese) Lununap

[Ba konbua, kaxaoe
13 KOTOPbIX COCTOUT
13 TpeX CerMeHToB

CxatbIi nog
faBrneHnem ras B
unnuHape

N

CTeHka umnuHapa

.‘\YHHOTHMTeanaﬂ

KioBeTa

MpyXWHbI (Bvia cBoky B paspese)

LlITokoBO€E ynrnoTHeHMe KoMrpeccopa COCTOUT U3 HECKOIbKMX nap
pa3pe3HbIX Korew, XOpOoLlo NoAOrHaHHbIX Mo WTOKY AnA co3aaHuA
rasoBoOro 3aTBopa. YNMoTHUTENbHbIE KOrbLia CMa3blBatoTCs
LUVPKYNUPYHOLLMM MacrioM, KOTOPOE CHUXKAET U3HOC, YBENUYMBaAET
n3ondauuo 1 oTBOOUT TENso. ,[lpyrvle MeTOoAbl OXNnaXKaeHnda BKo4arT
KOHOMLIMOHMPOBaHNE BO3dyxa, BOAsAHbIE PyDaLLKM 1 LMPKYMSLUIO
XnagareHTa BHYTPU KaMepbl callbHUKa. YNnoTHUTENbHbIE KonbuUa
NPUXNUMAKOTCA K LUTOKY KPYroBbIMU NPY>KMHAMW U, Kak NpaBuIo,
pacnonararoTcs NonapHoO B YNMOTHUTENbHOW KioBeTe. KonmyecTBo KoBeT
N Korew, 3aB1UCUT OT AaBfeHMS B KOMNPECCOPHOM UmnmHape. OnopHoe
KOmbLO Ha 3aHEWN CTeHKe KamMmepbl carbHUKa NpeaoTBpaLLaeT yTeukn ns
YNNOTHUTENbHbIX KIOBET.

HoBasi cucteMa LUTOKOBbIX YMIOTHEHUIA NpY NPaBUIbHOW YCTAHOBKE Ha
rMafKuii, XOPOLLIO OTLEHTPOBAHHbIN LUTOK MOXET 06ecneynTb
MUHMManbHY0 yTeyky B obbeme 11,5 dyT.3/4 (0,3 m*/4). Bonee Bbicokui
YPOBEHb YTEYEK MOXET ObITb CBSI3aH C MIIOXOW MOATOHKOM LUTOKA U
YNMOTHUTENbHBIX 3MEMEHTOB U3-3a UX M3HOca. Kak npaBuno, yTeuku
BO3HUMKAIOT B YETbIPEX MECTaX:

* BOKPYr Kamepbl carnbHUKa Yepes ornopHoe KosbLo;

* 4yepes YNnoTHUTENbHbIE KIOBEThI, KOTOpble 0ObIYHO COOMpatoTCs ogHa
3a pyrou;



* Yepes nedopMUPOBaHHbIE BO BPEMs XOAa LUTOKA YNIOTHUTESbHbIE
KombLa;

*  MeXay KonbuamMn U LLUTOKOM.

[MpocoumBLLMICA ra3 BbiNycKaeTcs B aTMocdepy Yepes OTBepCTUst BO
oraHue. PerynapHbi KOHTPOSb U CBOEBPEMEHHAs 3aMeHa
YMOTHUTENBHbLIX KOMNeL, MOXET CHU3UTL yTeukn. HoBble MaTtepuansl 1
KOHCTPYKLMM CarbHMKOB MOTYT 3HAYMTENbHO COKPaTUTbL 3MUCCUIO ra3a B

Byayiiem.

PerynapHblii MOHUTOPUWHT 1 3aMeHa CarbHMKOB KoMMpeccopa
obecneynBaloT 3Ha4YNTENbHOE COKpalleHVe 3MUCCUI MeTaHa B
aTMocdepy 1 3KOHOMSIT AeHexHble cpefcTea. Hanpumep, 6poH30Bble
YNMOTHUTENbHbIE KOSbLia M3HALLMBAIOTCS U Noasiexart 3aMeHe Kaxble
TpU-NATb Nnet. OgHaKo Mo Mepe paspyLUEHUs YNIOTHEHWIA, YTEYKM MOTyT
[OCTUYb TAKOrO YPOBHS, NpU KOTopom Goree yactas 3aMeHa Kornel,
MOXET CTaTb 9KOHOMMYECKM onpaBaaHHoli. Kpome Toro, Gornee yacTast
3aMeHa Korel, 3Ha4nTeNbHO NPOAEBaET CPOK SKCMyaTaLuM LUToKa
Komnpeccopa.

MapTHepbl, paboTatoLme No NporpaMmmMe MOHUTOPUHIA U SKOHOMUYECKN
3(PPEKTUBHON 3aMeHbI, MOTyT JOOUTLCSA CReayoLLImMX Pe3ynsTaTos:

* COKpaLLEeHVs SMUCCUN METaHa;
* 3KOHOMWM rasa 3a CYET COKpaLLEHUs yTeYex,;
% YBENMYEHHOrO CpoKa IKCrsyaTaumm KOMMPECCOPHOTO LUTOKA.

MpepnpuaTns MoryT onpeaenvTb rpadk SKOHOMUYECKU APGEKTUBHON
3aMeHbl, BKMOYaLWMIA NATb 3TanoB.

Or1an 1: HabnogeHne n perncTpaumsa OCHOBHbIX yTe4YeK U U3Hoca
nopLluHeBoro wroka. OnpeaeneHne 6a3oBOro ypoBHA yTeYvek n
MOHMTOPWHI U3HOCA MOPLUHEBOTO LUTOKa No3BonseT naptHepam Natural
Gas STAR oTcnexuBaTtb yBenmyeHne noTepb rasa 1 OLUeHNBaTb
3KOHOMUYECKNIN 3PEKT OT 3amMeHbl YNIOTHUTENBHBLIX KOSEL, U LUTOKOB.

BeHTunauymnoHHoe OoTBEpPCTNE Ha cbnaHu,e KaMepbl CcaribHMKa no3BonAeT
npoco4MBLLEMYCA rasy ynety4ymBaTbCa B aTMOC(bepy. a3 Takke MOXeT
NpoxoauTb MO LUTOKY n/vinu Yepe3 OrNnopHoOe KOorbLOo calribHUKa N TaknuMm
06pa30M nonagatb B LUTOKOBYIO KamMepy. HOSTOMy, Mo BO3MOXXHOCTH,
HeobXxoanMo N3MEPATb YTEYKN KaK N3 canbHUKOBOW Kamepbl, TaK N N3
LLITOKOBOM KaMepbl. HeKOTOpre CUCTEMbl OTBOOAT ra3 4Yepes LUTOKOBYH
KamMepy, apyrme MMerT OTAESbHbIE BbIXOObl.

YTeukun raza MoryT N3mMepsaTbCs Kak NopTaTUBHbLIMU, Tak K
CTaumMoHapHbIMK ycTponcTBamu. lNepen Ha4anom nsmepeHui
HeobXxoaMMO MPOBEPUTL CUCTEMY BEHTUNAUMW. ECnn He yunTbiBaTh
YTEYKM LUTOKOBOW Kamephbl, TO 00Las aMUCCHa MOXET ObITb HEAOOLEHEHA
Ha 40%, 4TO MOXET NOBMNUATbL HA pacyeT 3KOHOMUYECKOWN

3P PEKTUBHOCTN.

BaxxHo npoBecTn namMmepeHna cpasy nocre yCtaHOBKM HOBbIX
YNNOTHUTESbHbIX 3J1EMEHTOB (I/IJ'WI HOBbIX YINJTOTHUTESTbHbIX 31IEMEHTOB U
LLITOKOB). otn n3MepeHna CTtaHyT 0a30BbIMM NoKasaTensMu Anst AaHHOro
umnmnHapa n MoryT CIiy>X1tb TOYKOM OTCHeTa Ans Opyrmx umnmnHapos 1
KOMMNPEeCCOopoB C aHalNOrM4HbIM1 KOHCTPYKLUNUAMU, pasMepamMu,



pasneHnem 1 cteneHbro

n3Hoca LWToKoB. Mocne MATb aTanoB peHTaGenbHOM 3aMeHbI
YCTaHOBKU Korew Ha yrIJ'IOTHeHVIﬁ 1N NOpLHEeBbIX WUTOKOB:
MPOTSHKEHUM BCEro CpoKa

WX aKcrnyaTauum 1. HabniogeHue n pernctpaumst OCHOBHbIX
HEOBXOAMMO PEerynsipHO yTEYEK 1 M3HOCA MOPLUHEBOTO LUTOKA.

pas B MECAL NN KBapTan 2. CpasHeHWe ypOBHEil UCXOMHBIX 1 TEKYLLMX
NpoBOANTL MOHUTOPWHT, yTeuek 1 onpefeneH1e ox1aaeMoro
PEerncTpupoBaTb 06beMbI COKpALLEHIS SMUACCHM.

yTeyek u

COOTBETCTBYIOLLME 3. OueHka CTOMMOCTU 3aMeHb!.

pabouue ycnosus 4. OnpegereHyie nopora peHTaberbHOCTU
(naBnewxve, Temneparypy, 3aMeHbl.

PEXMM CMa3KK)

KoMMpeccopa. 5. 3ameHa ynnoTHEeHUIN W LUTOKOB MO
OOCTUXeHU nopora peHTaﬁeﬂbHOCTVI.
LLiTokn npoBepsitoTca
nepuoamnyecky Bo BpeMsl 3aMeHbI Korew, npu 3ToM hUKCUPYHOTCS
N3MEHEHNs U3HOCA LLTOKa B MECTE ero KOHTakTa C YnroTHUTENbHbIMU
KonbLamu. [NopLUHEBbIE LLTOKN U3HALLMBAKOTCA MeANEeHHee, YeMm
YMNOTHUTENbHbIE KOMbLA, U UMET CPoK crny»bbl okono 10 net. MNnoxo
OTLEHTPOBaHHbIE LLTOKN UCTUPAIOTCH, TEPSIS KPYrnyto chopmy, nnm
npeBpaLLatoTcs B KOHYC, YTO BMUSIET HA NOMOXEHWE KOMeL, Ha LUTOKe,
CKOPOCTb UX M3HOCca (M Takum 06pa3oM, Ha NIIOTHOCTb U30MALUN).
HepocTtaTtouHO KpyribIi LUTOK HE TOMbKO MPOMNycKaeT ras, HoO 1
HepaBHOMEPHO U3HALLMBAET YMMOTHEHUS, YTO BEAET K COKpaLLEHWNIO
CpoKa aKcnnyaTaumm Kak LUTOKa, TaK U YNIOTHUTENbHbIX 311EMEHTOB.
YTeuka, cBA3aHHasi C U3HOCOM LUTOKA, OnpeaenseTcs Kak U3MeHeHne
6a30BOro 3Ha4eHUs1 YTEYKMN MOCIEe KaXX4oW HOBOW 3aMeHbI koneL, (Mpu Tex
e YCnoBusaX 3KCrryaTaLmmn u Tune Kornew). YBenmyeHue HadanbHbIX
rokasaTenen yTedek MOXeT UCMOoNb30BaTbCs A9 pacyeTa 9KOHOMUYECKU
060CHOBaHHOIO Cpoka 3amMeHbl MOPLUHEBOro LWToKa (cM. JTan 4).

Otan 2. CpaBHeHNE ypOBHEN TEKYLLMX U UCXOAHbIX YyTEUYEK U
onpeaernieHne 0XnaaeMoro CokpalleH1us aMmccum. Vicnonsbsys
OaHHble, cobpaHHble Ha NepBOM aTarne, HeobxoaAMMO CPaBHUTb
HavanbHOe 3Ha4YeHne yTeqek 1 UX YpOBEHb B JAHHbI MOMEHT BPEMEHU,
onpegenutb HeobxoAMMOCTb 3aMeHbl YMITOTHEHNS UK WToka. Ha puc. 2
nokasaHo, Kak MpOVCXOQNT CpaBHEHME.



Puc. 2: CpaBHeHUe ypoBHEN TEKYLMX U UCXOAHbIX yTe4ek

OaHo:

IL = VcxogHbii ypoBeHb yTedek Npy nocrneaHern 3amMmeHe YrnoTHUTENBHOTO KonbLia
LUTOKa

CL = Tekywwuin ypoBeHb yTeuvek
LRE = Oxvpaemoe CokpalleHne yTedek

Pacuer:

LRE = CL -IL

Hanpvmep, ecnu ypoBeHb yTeuek Yyepes canbHUK Ha AaHHbIn MoMeHT 100 cyT./u
(2,8 M*/4), a nocne nocnepHewn 3ameHbl coctaensn - 11,5 gyt (0,32 m°/4), TO
OXVOaeMOe COKpaLLeHNe yTeuek COCTaBUT:

LRE =100 - 11,5 chyr/u (2,8 - 0,32 M)

LRE = 88,5 doyT.*/u (2,48 m*M)

[ns ToyHoro aHanusa "oxugaemoro cokpatleHus ytedek" (LRE)
HeobxoaMMOo OLUeHUBaTb pasaenbHO NPUBLINbL OT 3aMeHb!
YMNOTHUTENbBHBIX KOMeL, U NOpLUHEBbLIX WTOKOB. Npu onpegenenun LRE
TOMbKO BCMEACTBUE 3aMeHbl HOBbIX KOMNeL, crieqyeT npegnonararb, YTo
BECb NPUPOCT yTeYeK C MOMEHTA MOCNeAHeN 3aMmeHbl konew, obycrnoBneH
nx nsHocom. Npu onpegenexHun LRE nytem 3ameHb! konew, 1 NOPLUHEBOrO
LUTOKa (OTMETMM, YTO MNPV 3aMeHe LUTOKa BCerAa yCcTaHaBNMBaoTCs
HOBble KOSbLiA) PEKOMEHOYETCH UCNOMNb30BaTb HaYarnbHOe 3HaYyeHne
yTeyek, U3MepeHHoe cpasy nocre nocrnegHen 3aMeHbl LWToKa Ha AaHHOM
komnpeccope. [pn oTCYTCTBUM CTAaTUCTUYECKUX OAHHbIX MO
paccMmaTpmMBaeMoOMy KOMMPECCOPY MOXHO MCNOMb30BaTb AaHHbIE APYroro
nogoBHOro Komnpeccopa 4518 ycTaHoBNeHMs 6a30BbIX (HavarnbHbIX)
3HaYEHUN.

Artan 3: OueHka cToumMocTH 3aMeHbl. CTOMMOCTb 3aMeHbI
YMNOTHUTENbHbLIX KOMeL, U NMOPLUHEBbLIX LUTOKOB pasnnyHa ans pasnmnyHbiX
TUMOB KOMMPECCOPOB. YTOObI 3aMEHUTL YNITOTHUTENbHbIE KOMbLA,
HeobXoAMMO YYMTbIBaTb KONTMYECTBO LIMIMHOPOB KOMMPeccopa 1 TUMbI
3amMeHsieMbIx konel. o gaHHbIM ogHoro 13 naptHepoB Natural Gas
STAR, cTOMMOCTb TUMOBOIO TEGOITOHOBOIO UMM C BKIKOYEHUSAMMN
mMonunbaeHa Habopa ynnoTHUTENbHbIX Konew, BapbupyeTcs ot $100 oo
$125 Ha kioBeTy, Npu 3TOM 06LLass CTOMMOCTb Ans 8-10 KoBEeT carnbHUKa
TpexaimMoBoro LWToka coctaBut oT $800 ao $1 250. [pyroit UCTOUYHMK
YTBEPXOAET, YTO canbHUKOBbLIE YNNoTHeHUs obxoaaTcs ot $500 go $800
unm ot $1 500 go $2 500, ecnn canbHUK 3aMeHsAETCH MOMHOCTLIO. Takue
daKTopbl, Kak pa3mepbl U TUM LUTOKA, BMMSIIOT HA CTOMMOCTb 3aMeEHbI
wToka. CTOMMOCTb LLITOKa MOXeT BapbMpoBaTh oT $1 800 go $3 500.
CnevumanbHble LUTOKOBbIE MOKPLITUS, TakMe, Kak kepamuka, C
BKITHOYEHNSIMM Kapbuaa Bonbdpama unm Xxpoma, MoryT YBENUYUTL ero
cToumocTb Ha $1 000 v Bbile. CTOMMOCTb HEKOTOPLIX LLUITOKOB AOCTUraeT
$9 000 - $10 000.

CToMMOCTb AIeMOHTaXa Takke MOXET BapbUpPOBaTLCS B 3aBUCMMOCTU OT
MECTOHaxXOXOEHUSI N TPYOHOCTEW, BO3HMKAIOLLMX B NMPOLLECCE 3aMEHbI.
Kak napTHepbl, Tak 1 NPOU3BOAUTENM MPUPABHUBAKOT CTOMMOCTb
OeMOHTaxka 06opyaoBaHMs K CTOMMOCTM YCTaHOBKW. 10 HEKOTOPLIM
[aHHbIM, OAUH U3 NapTHepOoB noTpaTun B cpeaHem no $1 050 Ha
npuobpeTeHne 1 yCTaHOBKY OOHOTO Habopa YNOTHUTENbHbIX KOMELL.
MapTHepbl cunTatoT, YTO 3aTpaTbl HA MOHUTOPUHT U U3MEPEHME YTeYeK Mo
KaXkgoMy canbHWUKY HECYLLECTBEHHbI HA (DOHE CTOMMOCTM TpyAo3aTpaTt
npu 3aMeHe Korew, U LUTOKOB.



OT1an 4: OnpegeneHue nopora peHTabenbHOCTU 3aMeHbl. Ha ocHoBe
WMHopmaumm, NornyvYeHHon Ha atanax 1 - 3, napTHepPbl MOrYT BbIYUCNTD
"nopor peHTabenbHOCTN 3aMeHbI", MPY KOTOPOM 3aMeHa KOreLw, U LLITOKOB
CTaHOBMUTCSI 9KOHOMUYECKM LieriecoobpasHon. MapTHepbl onpegenunm
HECKONbKO METOA0B pacyeTa AaHHOro "nopora” no KpUTepmsam OLEHKM
WHBECTULIMI KOMMaHUN 1 Creundmnyeckum XapaKkTepmucTnkam y4acTka.

MpocTtenwmnm cnocobom pacyeTa "nopora peHTabensHOCTN 3ameHb!”
SIBMNSIETCS MCNOMb30BaHWe NPUHLUMNE AUCKOHTUPOBAHHOIO NOCTYMNEHUS
cpeacTs. [NapTHepbl MOryT BbIYMCASTL MOPOr 3aMeHbl Kak NS carnbHUKOB,
Tak 1 Ang LWTOKOB, UCNOMb3y4 cneaytoLlee ypaBHEHWE:

CR* DF* 1 000
Mopor peHTabenbHOCTN 3aMeHbI = , PyT./\;
(H* GP)

roe
CR = CtonmocTb 3ameHsbl, $;

DF = KoadhdpmumeHT anckoHTupoBaHus, %;

H = KonnyectBo 4acoB paboTbl koMnpeccopa B rof;
GP = LleHa rasa, $/tbic. dpyT.?

KoathdunumMeHT OUCKOHTUPOBaHUS - 3TO NoKasaTerlb, KOTOpbIn
NCMonb3yeTcst AN NPUBEAEHNS SKOHOMUYECKUX NoKasaTenen K
COOTBETCTBYHLLMM pa3MepaM rofoBOro JOX04a W BbIYUCASETCA MO

dopmyre:

i(1+i)"
DF=——.
(1+i)-1

3pech i - cTaBka AMCKOHTMPOBAHMWS UM YPOBEHb PUCKa KOMMaHWu,
Bblpa)XeHHasi B AECATUYHbIX JONSAX, @ N COOTBETCTBYET BbIOpaHHOMY
nepvogy oKynaemocTu. Micnonb3ysi faHHyro hopmyny npu cTaBke
anckoHTupoanus 10% (i =0,10) n cpoke okynaemocTu oguH rog (n=1),
nony4aem koadpduumeHT anckoHtTuposaHus 1,10. MNpu cpoke
oKynaemocTu Aga roga (n =2) koahOULMEHT ANCKOHTUPOBAHMS paBeH
0,576 n T.4.

Ha puc. 3 npvBegeHa Tabnvua OUCKOHTUPOBaHHOWM okynaemocTtu. Mo
npvBeaAeHHbIM AaHHBIM, MOXHO OLEHUTb BEMUYNHY OXUOAEMOro
cokpalleHus ytedek (LRE), akBuBaneHTHy0 BO3BpaTy BMOXEHUA Ha OOUH
KOMMMEKT yNnoTHUTENbHbIX Korew, 3a rog, ABa roga u T.4. Hanpumep,
3aTtpatbl B $1 200 Ha 3amMeHy KOMMMeKTa YNnoTHUTENbHbIX Komnew
OKYNHATCA 3a OAMH rof npu cokpatleHun 55 yt’/u (1,54 m*/4) yTedek, 3a
[OBa rofa - npu cokpalleHum yteuvek 29 cpyT.*/M (0,81 m*/4) n T.4. (npy 10%
OVCKOHTUpOBaHMM). Takum obpasom, ecnv napTHep BbIOMpaeT KpUTepun
OKynaemocTu 2 roga, To Ansi Hero 3KOHOMUYECKM BbIrogHbIM ByaeTt
3ameHa konew, npy yposHe ytedek 29 dyT.*/y (0,81 m*/y). Opyrvmun
crioBamu, Korga oxugaemoe cokpaleHue ytedek (LRE) oT 3ameHbl konew,
pocturHet 29 oy’ /v (0,81 M*/4), napTHepy cnegyer 3aMeHUTb
YANOTHUTENBHbIE KOMbLia.



Puc. 3: MNopor peHTabenbHOCTM 3aMeHbl YNNOTHUTENbHbIX

Konekw,
Oxnpaaemoe CoKpalleHue yTeyek, Mepuopn okynaemocTtu',
byT. /4 (M/Y) roa
55 (1,55) 1
29 (0,81) 2
20 (0,56) 3
16 (0,44) 4
13 (0,36) 5

' Mpepnonaraemasi CTOMMOCTb 3aMeHbl YNoTHUTENbHBIX korew $1 200 npu LeHe rasa
$3,/Tbic. yT.? ($106 Thic. M) 1 8 000 pabourx 4Yacos B rof,.

Pacuet nopora peHTa6eanocw| 3aMeEHbI LUTOKa MOXHO NMPon3BeCTU
aHarlorM4HO BapuaHTy C KOJibLaMu, T.e. Yepea3 onpenereHne Tpe6yeM0ro
obbema COKpaLleHNa yTedek OANnA NOKPbITUA 3aTpaTt Ha YCTaHOBKY HOBOIO
LLITOKA. AJ'II'OpI/ITM OENCTBUI TOT Xe, YTO ONMCaH BhbiLLE, TOSbKO B
kayectBe CR Bbl6|/|paPOTC$| KanutaribHble 3aTpaTbl Ha 3aMeHY LUTOKa.

YcTaHOBMB NOpor peHTabensHOCTM 3aMeHbl, NapTHEPbI AOIMKHbI
onpegenutb 06beM COKpaLLEeHMS AMUCCUM METaHa, OXMAaemMoro npum
Takon 3ameHe. Mamepenune Tekywwmx ytedek (CL) He nossonsieT
onpenenuTb, Bbl3BaHbl OHW M3HOCOM Kornew, unu wroka. OgHako, co
BpeMeHeM, 3Ha4YeHUss MICXOZHOro ypoBHs (L) nocne nepuoanyeckmx
3ameH Korey 6yayT nocTeneHHoO Bo3pacTaTh 3a CHET M3HOCA LUTOKa.
MapTHepam cnepyeT 3admkcMpoBaTh GAa30BbIN YPOBEHb, MO KOTOPOMY
OyaeT onpenenaTbCa YpoOBEHb yTEYEK 3a CHET U3HOCA LUTOKA. OTO MOXET
ObITb BbINOMHEHO MyTEM M3MEPEHNST YTEYKN Cpady MoCre YyCTaHOBKU
HOBOrO LUTOKa NGO NyTeM CpaBHEHUsI NokasaTenen ansg nogobHon
YCTaHOBKW, OCHALLEHHOW HOBbIMM LUTOKaMU 1 ynnoTHeHuaMn. Korga
0a30BbIN YPOBEHb YCTAHOBIEH, MOXHO BBECTU KOSDULINEHT
OVCKOHTUPOBaHWS NS OnpeferneHns ypoBHS yTeYeK no LUTOKY U
HeobxoaMMOCTU ero 3ameHbl.

Pwuc. 4 unntoctpupyeT cnocod, nogobHbI NpeacTaBneHHOMY Ha puc. 3,
BbIYMCIIEHUS MOPOra PeHTabeNbHOCTM 3aMeHbI LUTOKOB U Korel,. B
AaHHOM NpUMepe NpeanonaraeTcsl, YTo CTOMMOCTb 3aMeHbI LLITOKa U
canbHuka coctasnseT $8 200. M3 Tabnuubl BUAHO, YTO 4SS KOMMaHWW,
npegnonararoLLen MMeTb CPOK OKYNnaeMoCTh oauH rog, Tpebyertcsa LRE =
376 cyT.>/4 (10,53 M*/4), B TO BpeMs Kak KOMNaHUsIM, KOTOPbIX
yCTpanBaeT CPOK OKYMaeMOCTU TpU roga, MOXHO MEHSAThb LUTOK U
ynnotHeHus yxxe npu LRE = 137 gyT.%/y (3,84 M*/4), npy aTOM CcTaBka
AnckoHTupoBaHus coctaensieT 10%.



Puc. 4: MNMopor peHTa6enbHOCTU 3aMeHbl LUTOKOB M Konew,

Oxupaaemoe coKpalleHue yTeuek, Mepuopn okynaemocTtu',
yT. /4 (M*/Y) roa
376 (10,53) 1
197 (5,52) 2
137 (3,84) 3
108 (3,02) 4
90 (2,52) 5

' Mpepnonaraemasl CTOMMOCTb 3aMeHb! YNOTHUTENbLHBIX korew, $1 200, 3ameHb! wroka -$7 000
npu ueHe rasa $3,00/Tbic. dyT.? ($106/ Thic. M*) n 8 000 paboumx Yacax B rof.

anIMe‘-IaHI/IGZ BbICOKMI YPOBEHb yTEYEK MOXKET ObITb TaKke creacTBUEM
HeﬂpaBMﬂbHOVI LIEHTPOBKW LLUTOKa Uin NyIOXOn NoAroHkn Kkoney,. B Takom
Clly4ae BblCOKOE 3Ha4yeHune LRE moxeT o3Ha4yaTb HEOOX0AMMOCTb
nepeycraHOBKU Konew, “ OOMNONHNUTENBHOM LIEHTPOBKM LLUTOKA, a HE ero
3aMeHry. [ononHuntenbHbIN OCMOTpP reoMeTpuin LTOKa (KOHYC, oBarl,
3agupbl n LIJepOXOBaTOCTb) NO3BOJIAET TPAKTOBATb yBENIM4YEeHne IL
OTHOCUTENBbHO 6a30BOro YPOBHA KakK pa60qu7| M3HOC LUTOKAa.

Otan 5: 3ameHa ynnoTHeHUM U LUTOKOB MO AOCTUMXKEHMU nopora
peHTabenbHOCTU. MOHUTOPUHT 3MUCCUMUN U 3aMeEHA YMITOTHEHUIA Y
LUTOKOB MO AOCTUXEHWM Nnopora peHTabernbHOCTU 04eHb BbICTPO CHU3UT
3MUCCUIO U 3aTpaTbl Ha TOMMMBO Afs KoMnpeccopa. MNapTHepam HyXHO
TOMbKO CPaBHMBATb AaHHbIE MO KOMMPECCOPHOW CTaHLMK C
YCTaHOBMEHHOW BENUYMHON "nopora 3ameHbl". MponsBognTb 3ameHy
YMNOTHUTENbHBIX KOneL, 1 Wwtoka crnegyeT npu LRE pasHon nnu
npeBbILLatoLLen nopor peHtabensHOCTN 3ameHbl. XKenateneH Boibop
3Ha4yeHuI "nopora 3amMeHbl", MakCUMarnbHO CHUXKaKOLNX SMUCCUIO
MeTaHa.

OnbIT NnapTHepa.

Komnanus Consumers Energy npovi3Bena 3aMmeHy U3HOLLEHHbIX
YMNNOTHUTENBHbIX KOMew Ha 15-Tu KoMnpeccopax, CAKOHOMUB B UTOre OKOSo
$21 000 Ha cokpalleHum yTedek rasa B oobeme 7 000 doyT.%/rog (196 m*/rog) u
ueHbl Ha ra3 $3,00/Tbic. doyT.® ($106/ Tbic. M®). 3aTpaTbl Ha 3aMeHy BCexX
CanbHVKOB, BKIlYasi Matepuarnsl u paboty, coctasunu $17 000 v okynunuch
MeHee YeM 3a rog.



MapTHepbl nporpammbl Natural Gas STAR He gocTurnm cornatueHus no
CTaHOApTy COKpaLLEHWs SMUCCUM NPY 3aMeHe YMIOTHEHWI
KOMMNPECCOPHOro LWToKa. CrmMLIKOM MHOMMe dakTopbl BAMSAOT Ha
noTeHuunasnbHbIA 3KOHOMUYECKUI 3hdeKT, BKMOYasa AaBrneHme B
UMNMHAOPE, NOOTOHKY U LEHTPOBKY YMIIOTHUTEMbHbIX 31IEMEHTOB, CTEMEHb
M3HOCAa LUTOKa M KOrel, TaK e, Kak U NPUHATbIE CAMUMK KOMMaHUSMMU
Kputepum oueHkn. OgHako, NapTHEPbl €OUHbI BO MHEHWUW, YTO
onpegenexHne BenuymHbl "nopora 3aMmeHbl” YynioTHUTESNbHbBIX KoreLw r
MOPLUHEBBIX LUTOKOB SIBMSETCS pearibHbIM CMOCOb60M COKpaLLeHNs
3MMCCMM METaHAa B MOPLUHEBbLIX KOMMPECCOPaX.

HoBble mMarepuarnbl MOryT NnpoasinTb CPOK 3KCrIyartaumm m
SCb(beKTI/IBHOCTb HEKOTOpbIX BNOOB o6opy/:|,OBava, a TakKkKe co3gaTb
OONOJTHUTENTbHYHO 3KOHOMUIO 3a CHET COKpaLUeHUA yTedeK CTOMMOCTU
peMoHTa 1N 3aMeHbI.

% BapwuaHTbl 3aMeHbl Koreld. Yrnepogocogepxatume tedrioHoBbIe
KombLja NOCTEMNEHHO BbITECHAIOT OpoH30Bble. OauH n3
npoussoauTenen yTeepxaaeT, YTo MoYTN Npu OOHOW LieHe,
TedprioHOBbIE KOmnbLa ByayT CNy>XuTb NPUMEPHO Ha rog Aorblue
00bIYHbIX 6pOoH30BbIX. OgHaKo 1 gpyrne akTopbl, TakMe Kak
npaBuUbHasa yCTaHOBKA, OXNaXaeHne, CMaska, MOryT OKasbiBaTb
OonblLUOe BNMsIHUE Ha CPOK 3KCMyaTauum Konew,.

* YnyuweHue KayecTBa NOPLUHEBbIX LWTOKOB. /I3BECTHO, YTO HOBbIE
WA CyLLEECTBYIOLLNE KOMIMPECCOPHBIE LUTOKW, MOKPbLITIE Kapbuaom
BoNnbdpama, crnyxaT JornbLue 3a CHET YMEHbLLEHWS N3HOCa, a Takke
3a CYET YKpenmneHnsi HEMOABWXHOIO COEAUHEHNS (CM. OTHET
"CHMXeHne aMMcCcumn MeTaHa npu OTKNIOYEHNUN KOMNPECCOPOB" 13
cepum “OnbIT MNpumeHeHns”). TNokpbiTre Kapbugom Bonbdpama
obxoauTca gononHutensHo B $1 000 - $2 000. XpomupoBaHue Takke
NPUMEHSETCA ANS YMEHbLUEHNS UCTUPAHUS LUTOKA.

* TpexkonbLeBoe ynnoTHeHUe. TpexkonbLeBoe yrnnoTHEHWE,
rnokasaHHoe Ha puc. 5, cTaHOBUTCH BCce Boree pacnpoCcTpaHeHHbIM.
OHo ycTaHaBnmMBaeTCH, Kak NpaBuIio, B OQHOW U3 OBYX MNOCNEAHNX
ktoBeT. OCHOBHOE NMPEenMYLLIECTBO TaKoro Noaxoda COCTOUT B TOM, YTO
yCTaHOBKY MOXHO Npoun3BecTu 6e3 3ameHbl v nepeycrporictea
CarnbHUKOBOW Kamepbl.
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Puc. 5: KomnpeccuoHHoe ynnoTHeHMe LITOKa U3 Tpex Konewy,

BHellHee konbLO

obecneynBaer TaHreHumansHoe
AnameTparbHbli KonbLO

3a3op

BHellHee KNMHOBMAHOE KOMbLIO
He conpukacaeTcs CO LUTOKOM

TaHreHumansHoe KonbLo
LITUTOM COEUHEHO C
pagnanbHbIM Anst
obecneyenus repMmeTu4yHoOCTU
YNNOTHEHNA

PaguansHoe konbLo

BreluHee konbLo

CTopoHa uunuHapa

O heKTUBHOCTb NPUMEHEHNS Mopaya
CanbHMKa 13 Tpex Konew NpoAyBOYHOrO rasa
BO3pacTaeT B Ba pasa npu
MCMOMNb30BaHUN NPOAYBOYHOrO rasa

CAJNbHVK C KOMMPECCUOHHbLIMMA
YNNOTHEHNAMN

Wctounuk: Compressor Engineering Corporation

MapTHepbl NpULWNW K BbIBOAY, YTO 0By4YeHne nepcoHana npoCcTenLLmnMm
METOAaM 3KOHOMMYECKN 3PAEKTUBHON 3aMEHbI KOMMPECCOPHbIX
MOPLUHEBbIX LUTOKOB M YMITOTHUTEMbBHbIX KOMEL, CyLLEeCTBEHHO COKpaLlaeT
amucento meTaHa. lNMonyyaemas akoHOMKUS ra3a obecrneynBaeTt
OKynaemocTb Bornee 4acTbIX 3aMeH.

OcHoBHbIe BbIBOAbI.

% Cosgante cucteMy perynsipHbIX 3aMepoB Y MOHUTOPUHIa yTeuvek
Yepes canbHUK MOPLLHEBOro LUTOKa. PerynapHo nposepante cmasky u
OXnaxaeHne ynrnoTHUTENbHbIX Korew, A58 CHUXKeHUA ux naHoca. MNpu
BbICOKMX paboynx Temnepatypax HU3KUM KoadprumneHT
TENNonpoBOAHOCTU KOMNeL, MOXET CTaTb CyLLECTBEHHbLIM PaKTOPOM KX
paspyLleHus.

* YcTaHoBWTe 6a30Bble nokasatenu ypoBHsi yTevek (IL) HoBbIx
CanbHUKOB U LUTOKOB Arsi Pa3fiMyHbIX YCrOBUiA paboThl
KOMMPECCOPOB.

* [epepaiTe gaHHble No 6Ga30BbIM MOKa3aTENSAM UCXOOHBLIX YTevek Ha
Apyrue CTaHuuK, Tak Kak Takne faHHble MOryT ObITb HE Ha BCex
CTaHLUUSAX.

% YcTtaHoBuTe ong cneumduyecknux NponsBoaCcTB Nopor
peHTabenbHOCTM 3aMeHbI Afs KaXaoro KoMnpeccopa, YTobbl Bcerga
3HaTb, KOrda Hambomnee BbIroAHO 3aMEHUTb YNIIOTHUTENbHbIE KOMbLia U1
NMOPLLIHEBOW LLUTOK.

* YcTtaHoBuUTE NOPLUHEBBbIE LUTOKU YIy4LUEeHHbIX MO,EI,MCt)I/IKaLI,I/IIZ, ecnun
3TO onpaBaaHO 3KOHOMWUYECKN. Takasi 3ameHa CyLieCTBEHHO CHU3UT
3MUCCUIO B TE4EeHNEe CpOoKa CJ'Iy)K6bI LLITOKAa.

* HoBble MaTepuanbl Ans YNAOTHUTENbHBIX KOreL, 1 HOBble CUCTEMbI
CarbHNKOB CTaHOBSATCS AOCTYMHBLIMU 1 Yallle NPVUMEHSIIOTCS Toraa,
Koraa CTOMMOCTb KOHEYHOrO npoayKTa 1 aKorornveckre akTopsl
onpaBabIBalOT NOBLILLEHME 3aTparT.



% [ononHWTEnNbHY MHAOPMAaLMI MOXHO MOMy4YMTb U3 OTYETA
"CHUXXeHuUe aMuccuu MemaHa rpu OMKJTIOYeHUU KOMIpeccopos”
cepun “OnbIT NPUMEHEHNS”,

% Bkritovante gaHHble MO COKpaLLEHUIO SMUCCUN MEeTaHa Npu 3aMmeHe
YMNOTHUTENBHBLIX KOMEL, 1 LLUTOKOB B €XerofHble OTYETbI N0
nporpamme Natural Gas STAR.

Alastair J. Campbell, Bently Nevada Corporation, Houston, Texas. Optical
Alignment of Reciprocating Compressors.

Borders, Robert, C. Lee Cook, Louisville, Kentucky, personal contact.

France Compressor Products. Mechanical Packing—Design and Theory
of Operation, Bulletin 691.

Miniot, Joe, Compressor Engineering Corporation, Houston, Texas, per-
sonal contact.

Parr, Robert, TF Hudgins, Houston, Texas, personal contact.

Pipeline & Gas Journal, “Compressor Shutdown Leakage,” December
1985.

Pipeline Research Committee International, Cost-Effective Leak Mitigation
at Natural Gas Transmission Compressor Stations, PR-246-9526, August
1999.

Schroeder, David M., France Compressor Products, Newtown, Pennsylva-
nia, personal contact.

Tingley, Kevin, U.S. EPA Natural Gas STAR Program, personal contact.
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